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This presentation discussed the flywheel technology development work that is 
ongoing at NASA GRC with a particular emphasis on the flywheel system control. The 
“field orientation” motor/generator control algorithm was discussed and explained. The 
position-sensorless angle and speed estimation algorithm was presented. The motor 
current response to a step change in command at low (10 kRPM) and high (60 kRPM) 
was discussed. The flywheel DC bus regulation control was explained and experimental 
results presented. Finally, the combined attitude control and energy storage algorithm 
that controls two flywheels simultaneously was presented. Experimental results were 
shown that verified the operational capability of the algorithm. 

Overall, the presentation demonstrated that GRC has an operational facility that 
shows high speed flywheel energy storage (60,000 RPM) and the successful 
implementation of an algorithm to simultaneously control both energy storage and a 
single axis of attitude with two flywheels. 
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Flywheel Modules 


D1 Flywheel Module 

- Rotor 

• 350 Whr - Toray 4 ring rim 

• Monolithic steel hub 

- Motor/Generator 

• 1 kW, BOV M, 2 pole Ashman 
Technology 

~ Magnetic Bearings 
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High Speed Shaft 

- Rotor 

* 17 Whr - no rim 

88 Monolithic steel hub 

- Motor/Generator 

• 3k W, 220V l-l, 4 pole Ashman 
Technology 

- Magnetic Bearings 
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Attitude Control and Bus Regulation 


Single axis system 

Objective: control axial 
torque and DC power 
simultaneously. 

- DC power command results from 
DC bus regulation algorithm 

Commanded table torque 
and DC power translated to 
two motor current 
commands. 
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Test 3: Discharge mode with a step 
change in torque command 
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Conclusions 

• PM machine with field orientation control and 
sensorless position and speed estimation 
enables high performance flywheel outer loop 
control. 

• NASA GRC has demonstrated single axis 
combined attitude control and bus regulation 
(IPAC) using two flywheels. 

- Single axis torque and DC power can be 
independently controlled and regulated. 

- DC bus voltage is accurately regulated by 
flywheels during discharge during load and/or 
torque steps. 
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